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(54) Communication apparatus and remote control method 



(57) A router stores infbnnation on the types of 
other devices and, for use in relaying an inquiry mes- 
sage about the type of a device, sends a device type 
response message to an inquiry source on behalf of the 
device. When a device is newly connected to a network, 
the device acquires a network identifier from other 
devices connected to the network to which the device is 



directly connected to store the network kJentifier as its 
own network klentif ier. registers its own device identifier 
with the router, and registers the device information 
and, if appropriate, device application information with 
the router. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a communi- 
cation apparatus tliat relays communication Informa- 
tion. More particularly, for use in a distributed system 
where a plurality of networks are Interconnected, tine 
present invention relates to a router that interconnects 
the networlcs and performs communication message 
routing, and also to a procedure for connecting devices 
in the distributed system to a network and a procedure 
for connecting a router to a network. In particular, the 
present invention relates to a router that is used in a 
home system or a building system where a plurality of 
different networks are integrated and to a procedure for 
connecting devices or a router to a network. 
[0002] In a conventional distributed system where a 
plurality of networks are interconnected, the types of 
devices connected to each network or the types of 
application software installed on the devices have been 
managed locally k)y each device or centrally by a special 
device such as a directory server This prior art is 
described in A.S. Tandent>aum, "Distributed Operating 
System^ pages 56-59, 1995. PRENTICE HALL 
[0003] On the other hand, routers and gateways are 
already popular as network devices that interconnect a 
plurality of networks for communication message rout- 
ing and communication message filtering. This prior art 
is described in "Point-Illustrated Communication Proto- 
col Encyclopedia", pages 464-466. 1996, ASCII Inc. 

SUMMARY OF THE INVENTION 

[0004] In a distributed system where a plurality of 
networks are interconnected, the problems given below 
arise especially when a radio system, an electrk: light 
wire, or an infrared ray or a combination of them Is used 
as a network medium in a home system or a building 
system where installed devices in the home or building 
are interconnected. It should be noted that, in a distrib- 
uted system to which the present invention is applied, 
one of the radio system, the electric wire, and the infra- 
red ray need not be Included as the network medium. 

(1) A network included in a distributed system 
sometimes has a low transmission reliability In par- 
ticular, as compared with a wired network, a net- 
work using a radio system, an electric light wire, or 
an infrared ray is less reliable and, in addition, there 
are hidden terminals at which signals do not arrive. 
Furthermore, because users are more likely to turn 
on or off the switches of the devices in the home or 
the building, communication is not always possible. 
For this reason, even if the device centrally manag- 
ing the system sends an inquiry about which 
devices are connected to the network, and what 
application software is Installed on the devices, the 



response is not always returned. Re-transmission 
control, if performed, degrades the responsiveness. 
Thus, it is difficult to check the system device con- 
figuration and the installed application software cor- 

5 rectiy and responsively 

(2) Even when one device centrally manages the 
information about what devices are connected to 
the network and what application software is 
installed, the information is not always returned to 

10 the centrally-managing device correctly and 
responsively because the network using a radio 
system, an electric light wire, or an Infrared ray as a 
medium Is less reliable In transmission than a wired 
network. 

15 

[0005] When expanding the network, the conven- 
tional technology has required the user to do many set- 
tings. This setting work is very tedious. More 
specifically, it is difficult for users in the home or the 
20 building to do the setting work because of the problems 
given below. Note that the problems given below were 
found by the inventor of the present invention. 

(1) Network identifiers (for example, network 
25 addresses used by the Internet protocol) must be 
unique. This requires the user to manage free iden- 
tifiers and. when the network is expanded (that is, 
when a router is connected), the user must assign 
one of the free identifiers to the router. 
30 (2) The user must also set up routing Information for 
the router. 

[0006] Moreover, communicating with a device that 
moves from one network to another involves very tedi- 
35 ous work, giving a heavy load on the network and its 
devices. That is. the following problems have arisen. 

(1) The accessing device must check all the possi- 
ble devices In the system, one device at a time, to 

40 find which network the desired device is connected 
to until the desired device is found. This increases 
the load of the network and each device. 

(2) Because it is not known when the desired 
device is connected to the network, the accessing 

45 device must check, at a regular interval, all possible 
devices to find which network in the system the 
desired device is connected to until the desired 
device is found. This inaeases the load of the net- 
work and each device unnecessarily 

50 

[0007] To solve the atx)ve problems, the present 
invention uses the following means as an approach to 
the solution. 

55 (1 ) For use in a distributed system in which a plural- 
ity of networks are interconnected and which Is 
composed of devices to which addresses are 
assigned according to the same addressing sys- 
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tem, a router interconnecting the networks and per- 
forming communication message routing 
comprises means for getting information (device 
information) on other devices connected to the net- 
work to which the router is directly connected; 5 
means for storing the information; and means for 
transmitting the information in response to a 
request from some other device. 

The device information is information identify- 
ing a device and distinguishing it from other 10 
devices. The device information includes function 
Information on the functions of each device. This 
function information indicates the functions of the 
device and may be one of information indicating the 
type of the device and information on application is 
software of the device (device application Informa- 
tion). The device application information may be 
information indicating the type of an application pro- 
gram. The device information may further include 
address information indicating an address of the 20 
device in the network. The device information may 
also include information notifying other devices of 
what is the device itself, such as a device profile. 

(2) When a device information acquisition request 
message is received from device A to another 25 
device B connected to the network to which the 
router is connected, the router creates a response 
message including requested information on behatf 

of device B, discards the request message, and 
sends the response message to device A. 30 

(3) For use in a distrikxited system in which a plural- 
ity of networks are interconnected and which is 
composed of devices each having an address com- 
posed of a network identifier uniquely identifying 
one of the plurality of networks and a device identi- 35 
fier uniquely identifying the device within the net- 
work, and in which the router performs 
communication message routing based on the net- 
work identifier included in a destination address of a 
communication message, a device newly con- 40 
nected to the network comprises means for getting 
the network identifier from other devices (including 
other routers) connected to the network and storing 

it as Its own network identifier, a step for registering 
its own device identifier with the router, and a step 45 
for registering the device information and, as nec- 
essary, the device application information with the 
router. 

(4) When a router (router A) is newly connected to 
network A, router A executes the method described so 
below. The network connection method comprises 
the steps of getting device information or device 
application Information on other devices, connected 

to network A to which router A is to be connected, 
from another router B connected to network A to 55 
which the router is to be connected; determining an 
unused network identifier from the routing informa- 
tion stored In router B; assigning the network iden- 



tifier to network B to which router A is to be newly 
connected; getting the routing information; and noti- 
fying other routers that network B has been con- 
nected. The routing information is information used 
to determine to which network the information is to 
be sent. For example, the routing information is a 
plurality of pairs each conposed of a network iden- 
tifier and the con'esponding destination router 
address. 

(5) For use in a system in which a plurality of net- 
works are interconnected with the routers and 
which is composed of devices, each having an 
address composed of a network identifier uniquely 
identifying one of the plurality of networks and a 
device identifier uniquely identifying the device in 
the network as well as an identifier uniquely identi- 
fying the device at least within the distributed sys- 
tem, the network connection method allows a 
plurality of related routers to work together, after 
device A is moved from one network to another and 
is connected to a network In the method described 
in (4), to add or delete the device information or 
device application information of device A to or from 
the routers. The plurality of routers refer to the rout- 
ers in the system. The plurality of routers may all 
the routers in the system or some of them. When 
the plurality of routers refer to some of the routers in 
the system, they may be those connected to the 
network to which the router is connected. 

(6) For use in a system in which a plurality of net- 
works are interconnected with the routers and 
which is composed of devices, each having an 
address composed of a network identifier uniquely 
identifying one of the plurality of networks and a 
device identifier uniquely identifying the device in 
the network as well as an identifier uniquely identi- 
fying the devtee at least within the distributed sys- 
tem, the network connection method for use by 
device B which access device A when device A is 
moved from one network to another comprises the 
steps of detecting that device A has been moved; 
recognizing the identity of device A before and after 
the movement; getting the address of device A after 
movement; and changing, after the movement, the 
association of the identifier identifying device A 
within device B with the address of device A. 

[0008] To detect that device A is moved, device A 
may broadcast an operation start notification message 
so that the routers may detect it. 
[0009] By providing the means described atx)ve, , 
the objects of the present invention are as fbltows: 

(1) To provide information as to what kind of device 
is used in the system more reliably without increas- 
ing the device or network load, even when the net- 
work reliability is low, or there is a hidden terminal, 
or a device is not always ready for communication. 
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(2) To implement the plug-and-play feature with 
automatic routing-intbrmation setup in mind to 
achieve (1) and to allow the user to add devices to 
a network easily. 

(3) To implement the plug-and-ptay feature with s 
automatic routing-information setup in mind to allow 
the user to add a network to the system easily 

(4) To detect that a device is moved and thus the 
address is changed with no significant increase in 
the load to allow.applications accessing the device io 
to access it with the same identifier that was used 
before the movement. 

(5) To immediately delete routing information on a 
deleted device from the table in the router, when the 
device is moved, to make the routing table smaller is 
and more accurate. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] 20 

FIG. 1 is a diagram showing an example of the con- 
figuration of a system to which the present invention 
is applied. 

FIG. 2 is a diagram showing a modeled configura- 25 
tion of the system, shown in FIG. 1. to which the 
present invention is applied. 
FIG. 3 is a diagram showing an example of the con- 
figuration of a high-level address. 
FIG. 4 is a diagram showing an example of the so 
internal configuration of a device. 
FIG. 5 is a diagram showing an example of the 
internal configuration of a router. 
FIG. 6 is a diagram showing an example of the con- 
figuration of an API conversion table and showing 35 
an example of the contents maintained in device 
A1. 

FIG. 7 is a diagram showing an example of the con- 
figuration of a local device information table and 
showing an example of the contents maintained in 40 
device CI. 

FIG. 8 is a diagram showing an example of the con- 
figuration of a routing table and showing an exam- 
pie of the contents maintained in router B. 
FIG. 9 is a diagram showing an example of the con- 45 
figuration of an address conversion table and show- 
ing an example of the contents maintained in device 
B1. 

FIG. 10 is a diagram showing an example of the 
configuration of a device information table. 50 
FIG. 11 is a diagram showing an example of the for- 
mat of a message transferred between devices dur- 
ing request/i'esponse communication. 
FIG. 12 is a diagram showing an example of the for- 
mat of an operation start notification message. ss 
FIG. 13 is a PAD diagram showing an example of 
the processing flow of a transmission unit 61 . 
FIG. 14 is a PAD diagram showing the overall 



processing flow of a reception unit 62. 
FIG. 15 is a PAD diagram showing the flow of the 
response message reception processing of the 
reception unit 62. 

FIG. 16 is a PAD diagram showing the flow of the 
request message reception processing of the 
reception unit 62. 

FIG. 17 is a PAD diagram showing the flow of the 
router processing of the reception unit 62. 
FIG. 18 is a PAD diagram showing the flow of the 
operation start notification message reception 
processing of the reception unit 62. 
FIG. 19 is a PAD diagram showing the flow of the 
operation start notification message reception 
processing of an API conversion unit 63. 
FIG. 20 is a diagram showing the contents of the 
routing table maintained in a router in the system 
configuration shown in FIG. 2. 
FIG. 21 is a diagram showing the contents of the 
address conversion table maintained in a router in 
the system configuration shown in FIG. 2. 
FIG. 22 is a diagram showing the contents of the 
device information table maintained in a router in 
the system configuration shown in FIG. 2. 
FIG. 23 is a PAD diagram showing the ftow of con- 
nection processing at device connection time. 
FIG. 24 is a PAD diagram showing the ftow of con- 
nection processing at router connection time. 
FIG. 25 is a diagram showing another example of 
tiie device information table. 
FIG. 26 is a diagram showing an example of the 
hardware configuration of a device. 
FIG. 27 is a diagram showing an example of the 
hardware configuration of a router. 

DESCRIPTION OF THE EMBODIMENTS 

[001 1 ] FIG. 1 is a diagram showing an example of a 
distiributed system In which the present invention Is 
implemented. The present invention may be applied to a 
wide variety of systems in which a plurality of networks 
are interconnected. An embodiment according to the 
present invention will be descritied with a home network 
system as an example. In this system, electrical appli- 
ances are interconnected via a network built using an 
electric light wire, a low-power radio system, or an infra- 
red ray for remote control or sensor information notifica- 
tion. 

[0012] In FIG. 1, numbers 1-9 refer to a personal 
computer, an air conditioner, a watt-hour meter, a refrig- 
erator, a lighting apparatus, a hot water supply system, 
a meter, an air conditioner, and a temperature sensor, 
respectively. In FIG. 1 , the devices refened to by num- 
bers 1 -2 have the low-power radio communication func- 
tion, the devices referred to by numbers 3-5 have the 
electric light wire communication function, the devices 
referred to by numbers 6-7 have tfie low-power radio 
communication function, and the devices referred to by 
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numbers 8-9 have the infrared ray communication func- 
tion. Numbers 11-13 refer to routers which relay mes- 
sages from a device in one communication mode to 
another device in another communication mode for 
message transfer or routing. FIG. 1 shows an example s 
of system configuration to which the present invention 
applies. The present Invention Is not limited to this con- 
figuration but may be applied to any type of device that 
has a communication function and to any communica- 
tion mode using other communication media such as a w 
fiber optic cable. 

[0013] FIG. 2 is a diagram showing a system mod- 
eled on the system shown in FIG. 1. In the following 
description, the modeled system in FIG. 2 will be used. 
Numbers 1-9 in FIG. 2 correspond to numbers 1-9 in is 
FIG. 1. They are referred to as device A1, device A2. 
device B1 , device B2. device B3, device CI , device C2. 
device D1, and device 02, respectively Also, numbers 
11-13 correspond to the routers 11-13 in FIG. 1. The 
communication ranges, 21-24. each using one of a tow- 20 
power radio system, an electric light wire, and an infra- 
red ray, are treated as networks. Although a low-power 
radio system, an electric light wire, and an infrared ray 
refer essentially to physical media, they are each used, 
in the following description, to identify a range where a 25 
specific communication protocol is used assuming that 
each range uses its own communication protocol. 
Therefore, two low-power radio systems, each contain- 
ing devices using their own communication protocol, are 
treated as different networks in the system. In addition, ao 
two networks using the same protocol, wherein the pro- 
tocol is set up not to communicate with each other, are 
treated as different networks. 
[0014] In this system, a high-level address, such as 
the one shown in FIG. 3. is defined to allow a plurality of 35 
networks, each having its own communication protocol, 
to be processed with a single protocol. The communica- 
tion processing mode for this system will be described 
later. That is, to integrate a plurality of heterogeneous 
networks into one system, this system provides an inte- 4o 
grated addressing system to eliminate the need for 
applicatbn software programs to wony about 
addresses or communication protocols that differ from 
network to network. In the following description, the 
addresses used in an individual network to be inte- 45 
grated are called low-level addresses, the communica- 
tion protocol used in an Individual network is called a 
low-level communication protocol, the addresses used 
in an integrated network are called high-level 
addresses, and the communication protocol used in an so 
integrated network is called a high-level communication 
protocol. 

[0015] In FIG. 3, number 31 refers to a network 
identifier field that is one byte long, and number 32 
refers to a device identifier field that is three bytes long, ss 
The device identifier field 32 contains an identifier (that 
is. device identifier NodelD) that uniquely identifies a 
device in the network (hereinafter called a subnet) cor- 



responding to a low-level communication protocol. The 
network identifier field 31 contains a subnet identifier 
(network identifier NetID) that is unique within the sys- 
tem. For example, FIG. 2 shows the subnet identifiers 
and high-level addresses used in the system shown in 
FIG. 1 . In FIG. 2, network kJentif iers (NetID) 2. 3, 4, and 
5 are assigned to the networks 21-24 and, based on 
these identifiers, the high-level addresses of the devices 
1-9 are defined as 0h5002. OhSOOI. 0h2003. 0h2002. 
0h2001 , 0h3002, 0h3001 . 0h4002, and 0h4001 . respec- 
tively. In addition, the addresses of routers 11-13 are 
defined as follows. That is, the address of the router 1 1 
on the NetlD=5 side, the address of the router 1 1 on the 
NetiD=2 side, the address of the router 12 on the 
NetlD=2 side, the address of the router 12 on the 
NetlD=3 side, the address of the router 13 on the 
NetlDs3 side, and the address of the router 13 on the 
NetlD=4 side are defined as OhSOAA. 0h20BB. 0h20AA. 
0h30AA. 0h30BB. and 0h40AA, respectively The high- 
level address of a router is defined for each subnet to 
which the router is connected. 
[0016] Next, the internal configuration of the 
devices and routers shown in FIG. 2 will be described. 
[0017] First, the internal configuration of the 
devices will be described with reference to FIG. 4. 
[0018] Number 50 in FIG. 4 refers to the general- 
ized configuration of the devices 1-9. TTie device 50 
comprises applications 51 and 52. a low-level protocol 
processing unit 53, and communication middleware 60. 
The applications 51 and 52 are, for example, a control 
program in an air conditioner or a refrigerator for control- 
ling the air conditioner and the refrigerator. On a per- 
sonal computer, a program that performs the remote 
control of devices or monitors electric energy with the 
use of the communication of this system is one of those 
application programs. Although there are two applica- 
tion programs in FIG. 4. any number of appKication pro- 
grams may be used as long as there are one or more. 
The low-level protocol processing unit 53 executes the 
specific communication function for each subnet to 
which the device is connected. It physically transmits 
messages between low-level communication protocol 
processing and the actual network. Note that the low- 
level protocol processing unit 53 uses low-level 
addresses, defined for each low-level communication 
protocol, for communication. Therefore, at transmission 
time, the communication middleware 60 uses a low- 
address to specify the transmission destination device 
and sends a transmission request for transmission of 
data. On the other hand, at reception time, reception 
data as well as the low-address of the transmission 
source device is passed to the communication middle- 
ware 60. 

[0019] Referring to FIG. 4. the communication mid- 
dleware 60 comprises a transmission unit 61, a recep- 
tion unit 62. an API conversion unit 63. an API 
conversion table 100, a local device information table 
110, a routing table 120. and an address conversion 
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table 130. The transmission unit 61 transmits a mes- 
sage in response to a request from the API conversion 
unit 63 or the reception unit 62. The reception unit 62 
processes a message received from the low-level proto- 
col processing unit 53. The API conversion unit 63 
issues a request to. and receives a response from, other 
devices in response to a request from the applk^ations 
51-52 and, in particular, manages the correspondence 
between the identifiers of other devices and the high- 
level addresses. The API conversion table 100 contains 
information for managing this correspondence. The 
local device information table 110 contains infomnatlon 
on the local device itself, such as the high-level address 
of the device 50, that is open to other devices. The rout- 
ing table 120 manages addresses of routers used to 
transmit messages from this device to others. It main- 
tains the correspondence between the NetlDs of desti- 
nation devices and router addresses. The address 
conversion table 130 manages the correspondence 
between the high-level address and the low-level 
address of a communication partner. Examples of these 
tables will be described later. 

[0020] The hardware configuration shown in FIG. 4 
is as shown in FIG. 26. The CPU executes the function 
of the device described above. The programs to execute 
the function are stored in the storage unit. It should be 
noted that the transmitter/receiver may be divided phys- 
ically into a transmitter and a receiver. 
[0021] Next, the internal configuration of a router 
will be described with reference to FIG. 5. 
[0022] Number 70 in FIG. 5 refers to the general- 
ized configuration of the routers 11-13. The router 70 
comprises the tow-level protocol processing units 53 
and the communication middleware 60. It should be 
noted that a plurality of low-level protocol processing 
unit 53 are configured according to the number of sub- 
nets to which the router is connected. 
[0023] Referring to FIG. 5, the communication mid- 
dleware 60 comprises the transmission unit 61, the 
reception unit 62, the local device information table 110, 
the routing table 120, the address conversion table 130, 
and a device information table 140. The transmission 
unit 61 transmits a message in response to a request 
from the API conversion unit 63 or the reception unit 62. 
This is similar to the transmission unit 61 shown in FIG. 
4. The reception unit 62 processes a message received 
from the low-level protocol processing unit 53. This is 
similar to the reception unit 62 shewn in FIG. 4. These 
units amy have the similar functions but need not neces- 
sarily have the functions which are used only by either 
the device or the router. That is. these units need not 
have unnecessary functions. The minimum required 
functions will be described later. The local device infor- 
mation table 110 contains information on the local 
router itself, such as the high-level address of the router 
70. that is open to other devices. The routing table 120 
manages addresses of routers used to transmit mes- 
sages from this router to others. It maintains the corre- 



spondence between the NetlDs of destinations and the 
addresses of routers. The addresses of routers are the 
addresses of the routers connected to the subnet to 
which this router is connected. Hereinafter, another 

5 router connected to the subnet to which this router is 
connected is called a "neighboring router." The address 
conversion table 130 manages the correspondence 
between the high-level addresses and the low-level 
addresses of the devices in the subnet to which the 

70 router is directly connected. It should be noted that a 
router connects to a plurality of subnets and therefore 
the address conversion table 130 Is provided for each 
subnet. The device information table 140 manages 
information on all the devices in the subnet to which this 

15 router is connected. It is used to manage device types 
and device application types. 
[0024] The hardware configuration shown in FIG. 5 
is as shown in FIG. 27. The CPU executes the function 
of the device described above. The programs to execute 

20 the function are stored in the storage unit. There may be 
two or more networks to which the transmitter/receiver 
is connected. It should be noted that the transmitter/ 
receiver may be divided physically Into a transmitter and 
a receiver. 

25 [0025] Next, the configuration of the tables stored in 
the device 50 and the router 70 will be described. 
[0026] FIG. 6 shows an example of the API conver- 
sion table 100. The API conversion table 100 contains 
information on the correspondence between the identi- 

30 tiers of other devices and high-level addresses. This 
correspondence information is used by the API conver- 
sion unit 63 to convert the Identifier of some other 
device to the high-level address. The API conversion 
table 100 contains a plurality of entries, each composed 

35 of a device identifier 101, a high-level address 102, a 
vendor ID 103. a product ID 104, a serial number 105, 
and an existence flag 106. The device identifier 101 Is 
an identifier used by the applications 51-52 to identify 
some other device. For example, character strings "air 

40 conditioner 1 "air conditioner 2", "refrigerator", "lighting 
apparatus 1" or the values identifying these devices are 
used. The high-level address 102 is the high-level 
address of a device identified by the device Identifier 
101 . The vendor ID 103 that is the manufacturer's iden- 

45 tif ier, the product ID 1 04 that is the identifier of the prod- 
uct, and the serial number 1 05 that is the manufacturing 
serial number are combined to globally and un'quely 
identify (within the system) the device identified by the 
device identifier 101 . K is assumed that the meanings of 

50 the values stored in the vendor ID 103, the product ID 
104, and the serial number 105 conform to the rule that 
is set up, for example, by the standard. These values 
are stored also in the local device information table 110 
which will be described later. The existence flag 106 Is 

55 a flag indicating whether or not the device on this row 
actually exists in the system. 

[0027] FIG. 7 shows an example of the configura- 
tion of the local device information table 110. The local 
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device information table 110 contains information on the 
local device itself. For example, it contains a vendor ID 
1 1 1 , a product ID 1 12, a serial number 1 13, a high-level 
address 114. a low-level address 115, a device type 
1 16. a device application type 117. and a device appli- 
cation status 1 18. The information stored in the vendor 
ID 1 1 1 , the product ID 1 12, and the serial number 1 13 
globally and uniquely identifies (within the system) the 
device. The high-level address 1 14 contains a commu- 
nication address used by the communication middle- 
ware 60, while the low-level address 115 contains a 
communication address used by the low-level protocol 
processing unit 53. The device type 116 contains a 
code uniquely indicating the type of device. For exam- 
ple, it contains a code indicating the type of hardware 
such as a refrigerator, an air conditioner, a personal 
computer, or a panel monitor. The device application 
type 117 contains the codes each uniquely indicating 
the type of application 51 or 52 that is installed on the 
device. For example, the refrigerator control program is 
installed on a refrigerator, and the air conditioner control 
program is installed on the air conditioner. On the other 
hand, t>ecause various types of programs, such as the 
power DSM control application or home security control 
application, are installed on a personal computer, the 
device application type 117 contains the codes indicat- 
ing the software programs installed on the device. For 
example, when the application is an object-oriented 
application, the class identifier of the object corre- 
sponds to this code. The device application status 118 
contains the code indicating the status of the application 
51 or 52 installed on the device. For example, the code 
is stored in this field, wherein the value of "0" indicates 
that the device is stopped, the value of T indicates that 
the device is being initialized, the value of "2" indicates 
that the device is in operation, and the value of "3" indi- 
cates that the device is stopped because of a failure. 
One code is stored in this field for each application 
entity. So. if two applications of a type are installed, the 
codes each indicating the status are stored. For exam- 
ple, when the application is an object-oriented applica- 
tion, this, field contains a combination of the class 
identifier, instance identifier, and instance status. It is 
assumed that the meanings of the values stored In the 
vendor ID 103, the product ID 104, the serial number 
105. device application type 1 17, and device application 
status 118 conform to the rule that Is set up, for exam- 
ple, by the standard. 

[0028] FIG. 8 shows an example of the routing table 
120. Tlie routing table 120 contains the high-level 
addresses of the neighboring routers via which mes- 
sages are to be sent from the device having the routing 
table to the devices connected to the subnet indicated 
by the network identifier NetlD. That is, the table is con- 
figured so that a plurality of pairs, each composed of a 
NetlD 121 and a router address 122, are stored. FIG. 8 
shows an example of the routing table 120 in the router 
1 1 shown in FIG. 2. The table contains entries that indi- 



cate messages to be sent to the devices connected to 
the subnet whose NetlD Is 3 or 4 must be sent via the 
router whose high-level address is 0h20AA. It also con- 
tains entries that indicate messages to be sent to the 
5 devices connected to the subnet whose NetlD is 2 or 5 
may be sent directly from the router (router 11 in tills 
case) to the devices because tiiese subnets are con- 
nected directiy to the router. 

[0029] FIG. 9 shows an example of the configura- 

10 tion of the address conversion table 130. The address 
conversion table 130 contains information on the corre- 
spondence between high-level addresses and low-level 
addresses. That is, it is configured to contain a plurality 
of pairs of a high-level address 131 and a low-level 

15 address 132. 

[0030] FIG. 10 shows an example of the configura- 
tion of tiie device Information table 140. The device 
information table 140. stored in a router, contains a plu- 
rality of enfries about all the devices connected to the 

20 subnets to which the router connects. Each entry is 
composed of a high-level address 141, a device type 
142, and a device application type 143. The values of 
tiie device type 142 and tiie device application type 143 
are those stored in the local device information table 

25 110 shown in FIG. 7. 

[0031] Next, the format of a message that is trans- 
mitted will be described. 

[0032] FIG. 11 shows an example of a 
request/response communication message that is 

30 issued to an application or the communication middle- 
ware to execute, or receive a response from, object 
services. A message 300 comprises a low-level proto- 
col header storage area 310, a high-level protocol 
header storage area 320, and a data storage area 330. 

35 The low-level protocol header storage area 310 com- 
prises an SA 311 which is a source device low-level 
address for communication between devices within a 
subnet using the low-level protocol and a destination 
device low-level address DA 312. That is, communica- 

40 tion between devices via a router is performed by com- 
bining communications between a device and a router 
and between routers with tiie use of low-level protocols, 
tiie low-level addresses are stored in these areas. That 
is, when a message is sent to a device via a router, the 

45 DA contains the low-level address of the router; when a 
message is sent from a router to a device, the SA con- 
tains the low-level address of the router. Although tiie 
low-level protocol header storage area 310 contains 
otiier communication information, it is not directiy 

50 related to the present invention and therefore its 
description is omitted here. The high-level protocol 
header storage area 320 contains a source device high- 
level address S_UA 321 used to communicate a mes- 
sage between devices in the system using a high-level 

55 protocol, a destination device high-level address D_UA 
322, a LST.RUA 323 that is the low-level address of tiie 
last router via which a message was sent, a destination 
device group address D„GA 324, areas FU 325 and FU 
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327 reserved for future use. and DATA.SIZE 326 that 
contains the size of data stored in the data storage area 
330. The destination device group address D_GA 324 
contains, for example, the identifier specifying the 
neighboring router. The data storage area 330 contains 
data to be processed by the application 51 or 52 or the 
communication middleware 60. For example, when the 
application 51 or 52 or the communication middleware 
60 is converted to an object, data used for executing 
object services is stored there. The data storage area 
330 shown in FIG. 11 is an example in which the area 
comprises a service code 331 that identifies the object 
service, a source object identifier 332, an R/R flag 333 
that indicates whether the message is a request mes- 
sage or a response message, an FU 334 for future use, 
a destination object identifier 335. and a service 
request^response parameter 336 that is data required 
for executing object services or a result obtained by exe- 
cuting the object services. 

[0033] FIG. 1 2 is a diagram showing an example of 
the format of an operation start notification message 
that is issued to notify other devices that, when a device 
or a router is connected to the network, the connected 
device or router will start operation. The format of the 
operation start notification message is the same as that 
shown in FIG. 1 1 except the service request/response 
parameter 336. FIG. 12 shows the configuration of the 
service request/iresponse parameter 336. The service 
request/response parameter 336 comprises a vendor 
ID 341 , a product ID 342, a serial number 343, a device 
status 344, a device type 345. a device application 
count 346. a device application type 347 and 349. and a 
device application status 348 and 350 of a started 
device. The vendor ID 341. product ID 342, and serial 
number 343 are combined to globally and uniquely 
identify (within the system) the device. They are the 
manufacturer identifier, product identifier, and manufac- 
ture serial number, respectively. The device status 344 
contains the operation status of the device. For exam- 
ple, the value of "1" indicates that the device is started, 
the value of "2" indicates that the device is in operation, 
and the value of "3" indicates that the device is stopped 
because of a failure. The device type 345 contains a 
code uniquely indicating the type of the device. For 
example, it contains a code indicating the type of hard- 
ware such as a refrigerator, an air conditioner, a per- 
sonal computer, or a panel monitor. The device 
application types 347 and 349 contain the codes each 
uniquely indicating the type of application that is 
installed on the device. For example, when the device is 
a refrigerator, the code indicating the refrigerator control 
program is stored; when the device is an air conditioner, 
the code indicating an air conditioner control program is 
stored. When the application is an object-oriented appli- 
cation, the class identifier of the object corresponds to 
this code. In this case, the class identifier and the 
instance identifier are stored in the message. The 
device application status 348 or 350 contains the code 



indicating the status of the application installed on the 
device. For example, the value of "0" indicates that the 
application is stopped, the value of "1 " indicates that the 
application is being initialized, the value of "2" indicates 

5 that the application is in operation, and the value of '*3'' 
Indicates that the application is stopped because of a 
failure. The device application type and the device appli- 
cation status form a pair, and the message contains the 
number of pairs specified by the device application 

10 count 346. 

[0034] Next, the processing of the transmission unit 
61, reception unit 62, and API conversion unit 63, which 
are processing blocks included in the device 50 and the 
router 70 desaibed above, will be described. 

15 [0035] First, the transmission unit 61 included in the 
device 50 and the router 70 will be described. 
[0036] The transmission unit 61 receives a trans- 
mission request, composed of a high-level address 
identifying a destination device, transmission data and, 

20 depending upon the situation, the low-level address of a 
router via which the transmission data will be transmit- 
ted, from the reception unit 62 or the API conversion 
unit 63, creates a transmission message based on this 
transmission request, and issues the transmission 

25 request to the low-level protocol processing unit 53. 
FIG. 13 is an outline PAD diagram showing the process- 
ing flow of the transmission unit 61 . Upon receiving the 
destination device high-level address, transmission data 
(data storage area 330 shown in FIG. 11) and, depend- 

30 ing upon the situation, the low-level address of the 
router via which the transmission data will be transmit- 
ted, from the reception unit 62 or the API conversion 
unit 63. the transmission unit 61 accepts the request 
(step 201) and checks the NetID included in the high- 

35 level address to find the destination subnet (step 202). 
During this destination subnet checking processing, the 
transmission unit checks if the destination is the subnet 
of its own (step 203) and. if the destination is some 
other subnet, gets the high-level address of the destina- 

40 tion router from the routing table 120 (step 204). Then, 
using the address conversion table 130, the transmis- 
sion unit converts the high-level address of the destina- 
tion device to the low-level address (step 205). At this 
time, if the destination is some other subnet, the trans- 

45 mission unit converts the high-le^el address of the des- 
tination router to the low-level address. Note that, when 
the low-level address of the router via which the trans- 
mission data will be sent is given by the reception unit 
62 or the API conversion unit 63, steps 204 and 205 

50 need not be executed. Next, the transmission unit cre- 
ates a transmission message according to the commu- 
nication message format 300 shown in FIG. 1 1 (step 
206). The transmission unit creates the high-level proto- 
col header storage area 320 and joins it to the data stor- 

55 age area 330 that was received. When the device is a 
router, the transmission unit stores the low-level 
address of the router in the LST_RUA 323. Then, the 
transmission unit passes the high-level protocol header 
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320, data 330, destination device low-level address SA, 
and the source device low-level address DA to the low- 
level protocol processing unit 53 to issue a transmission 
request (step 207). 

[0037] Next, the reception unit 62 Included in the 
device 50 and the router 70 will be described. 
[0038] The reception unit 62, which performs recep- 
tion processing based on the contents of a message 
received from the low-level protocol processing unit 53, 
has four functions. The first function Is the client function 
of request/response communication through which a 
request is issued, for example, to some other device to 
execute its object service. In this case, the reception 
unit 62 receives a message in response to a request 
message sent from the transmission unit 61. The sec- 
ond function Is the server function of request/response 
communication through which a request is issued, for 
example, to some other device to execute its object 
service. In this case, the reception unit 62 receives a 
message sent from some other device. The third func- 
tion Is the reception function of a router. This function 
transfers a message to the destination device and per- 
forms routing. The fburtii function receives an operation 
start notification message tiiat will be described later. 
The device 50 is assumed to have the first, second, and 
fourth functions as necessary, while the router 70 Is 
assumed to have first, second, and third functions. 
[0039] FIGS. 14, 15. 16. 17, and 18 are PAD dia- 
grams showing the processing flow of the reception unit 
62. In FIG. 14, the four functions described above corre- 
spond to step 220, step 230. step 240. and step 250, 
respectively. Refen'Ing to FIG. 14, the processing of the 
reception unit 62 will be outlined. Step 211 is a label. 
When the reception unit 62 receives a message in step 
212, it executes step 220, step 230, step 240, or step 
250 according to the contents of the received message 
and then. In step 213, returns control to step 21 1 which 
has label A. TTie following details step 220, step 230, 
step 240. and step 250. 

[0040] First, referring to FIG. 15. the reception 
processing shown in step 220 and performed by the cli- 
ent function of request/response communication will be 
desaibed. The reception unit first checks in step 221 if 
the message is a response to tiie device Itself and. if so. 
passes control to step 222. In step 222. the reception 
unit checks the message if it is addressed to one of 
applications 51-52 or to the communication middleware 
60. If tiie message Is addressed to one of tiie applica- 
tions, the reception unit outputs the message to the API 
conversion unit to pass the message to the destination 
application (step 223). If the message is addressed to 
the middleware, the reception unit gets the response 
data from the message (step 224) and returns control 
from step 225 to label A (step 21 1) in FIG. 14. 
[0041] Next, referring to FIG. 16, the request mes- 
sage reception processing shown in step 230 (server 
function of request/response communication) will be 
desaibed. The reception unit first checks in step 231 if 



tiie message Is addressed to the device Itself and, if so, 
passes control to step 232. In step 232, the reception 
unit checks the message if it is addressed to one of 
applications 51-52 or to tiie communication middleware 

5 60. If the message is addressed to one of tiie applica- 
tions, tiie reception unit stores the header information 
and, at the same time, outputs tiie message to tiie API 
conversion unit 63 to pass tiie message to the destina- 
tion application (step 233). If tiie message is addressed 

10 to tiie middleware, the reception unit performs tiie 
processing requested by the message (step 234), gets 
data (step 235), creates response data according to the 
format of tiie data storage area 330 shown in FIG. 11 
(step 235). determines the response destination, 

75 requests tiie transmission unit 61 to transmit tiie 
response (step 236), and returns control to label A (step 
237). As tiie response destination, the reception unit 
uses the source device high-level address (S_UA 321 
shown in FIG. 11) included in tiie request message. 

20 When the message is returned via a router, the recep- 
tion unit obtains from the request message the low-level 
address of the last router (LST.RUA In FIG. 11) via 
which the request message was sent and passes it to 
tiie transmission unit 61 . In steps 234 and 235, the com- 

25 munication middleware is requested, for example, to 
write data to, or read data from, the tables owned by the 
communication mkjdieware. These operations will be 
described later more in detail. 
[0042] Next, referring to FIG. 17, the router 

30 processing shown in step 240 will be described. In step 

241, the reception unit first checks if the message is 
addressed to a device connected to ttie subnet of its 
own. If so. control is passed to step 242. If the message 
is addressed to a device connected to some other sub- 

35 net, control is passed to step 247. In step 242, the 
reception unit checks if tiie router can respond to the 
message on behalf of the destination device. If the 
router can respond, the reception unit gets data that is 
returned on behalf of tiie device based on the requested 

40 contents (step 243), creates response data according to 
ttie format of the data storage area 330 shown in FIG. 
11 (step 244), determines tiie response destination, 
and requests the transmission unit 61 to transmit the 
response (step 245). If it is found in step 242 that the 

45 router cannot respond to the message, tiie reception 
unit ti'ansfers the message to the transmission unit 61 to 
transmit it to the destination device (step 246). If it is 
found in step 241 that tiie message Is addressed to a 
device connected to some other subnet, tiie reception 

50 unit transmits the message to the transmission un'rt 61 
to transmit it to the destination device (step 247). In step 
248, conti-ol Is returned to label A in FIG. 14. In step 

242, the reception unit checks if the router can respond 
to tiie message on behalf of tiie destination device by 

55 checking if the message is an inquiry on data stored in 
tiie local device information table 110 of the destination 
device and. in addition, the router contains the informa- 
tion on the destination device In the device information 
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table 140. In step 243, the reception unit gets the 
requested data from the device Information table 140. 
Note that, when the D_GA 324, which is the destination 
device group address contained in the message, con- 
tains the identifier specifying the neighboring router, the 
reception unit does not transfer the message but exe- 
cutes the processing requested by the data storage 
area 330 and returns the response message to the 
requesting device. 

[0043] Next, referring to FIG. 18, the operation start 
notification message reception processing shown in 
step 250 will be described. The reception unit first 
checks if it will receive this message (step 251). When 
the reception unit receives the message, it passes the 
message to the API conversion unit 63 (step 252). 
[0044] Next, the processing of the API conversion 
unit 63 will be described. The API conversion unit 63 
has four functions: the function that issues a request to 
other devices requested by the application 51 or 52 and 
receives the response, the function that passes a 
request from other devices to the application 51 or 52 
and receives the response, the function that manages 
the correspondence between the identifiers of other 
devices and high-level addresses, and the function that 
changes the contents of the API conversion table 100. 
The following describes the function that manages the 
coH'espondence between the identifiers of other 
devices and high-level addresses because the spirit of 
the present invention lies in that function. That is, the 
API conversion unit uses the API conversion table 100 
to implement this function. When the application 51 or 
52 issues a data transmission request to a device, K 
specifies the destination device by the device identifier 
stored in the device identifier 101 of the API conversion 
table 100. Upon receiving this identifier, the API conver- 
sion unit uses the API conversion table 100 to get the 
high-level address of the destination device and 
requests the transmission unit 61 to issue the data 
transmission request with this high-level address speci- 
fied. 

[0045] Next, the function of the API conversion unit 
63 that changes the contents of the API conversion 
table 100 will be described. FIG. 19 is a PAD diagram 
showing how the API conversion unit changes contents 
of the API conversion table 100 when it receives an 
operation start notification message. When the API con- 
version unit receives an operation start notification mes- 
sage (step 261), it starts the setting position change 
detection processing (step 262) and checks if the 
source device high-level address included in the opera- 
tion start message is in the API conversion table 100 
(step 263). If the address is in the table, the API conver- 
sion unit checks if the source device included in the 
operation start message matches the device included in 
the API conversion table (step 264). The checking in 
step 264 is done by checking if the combination of the 
vendor ID, the product ID, and the serial number is in the 
API conversion table 100. K it is found in step 264 that 



the table contains the combination, the API conversion 
unit turns on the existence flag 106 in tiie API conver- 
sion table 100 (step 265); if the table does not contain 
tiie combination, the API conversion unit turns off the 

5 existence flag 106 (step 266). If it is found in step 263 
that tiie source device high-level address included in tiie 
operation start message is not in the API conversion 
table 100, tiie API conversion unit 63 checks if the com- 
bination of tiie vendor ID, product ID, and serial number 

10 included in tiie operation start message is included in 
the API conversion table 100 to check if the source 
device included in the operation start message matches 
a device in the API conversion table (step 267). If tiie 
table contains the combination, the API conversion unit 

75 63 writes the source device high-level address stored in 
the S_UA 321 of the operation start message into ttie 
high-level address 102 of the API conversion table 100 
(step 268) and turns on the existence flag 106 (step 
269). In steps 265 and 268, if source device in the oper- 

20 ation start message is a device connected to the subnet 
of its own, the API conversion unit stores tiie source 
device low-level address stored in the SA 311 of tiie 
operation start message into the address conversion 
table 130 shown in FIG. 9. 

25 [0046] The configuration of the device and the 
router according to present invention were described 
above. 

[0047] Next, the overall processing flow of tiie 
device and the router according to present invention will 

30 be described. In this example, a device type inquiry is 
issued from the device 3 to tiie device 6 in the system 
configuration shown in FIG. 2. FIG. 20 shows the con- 
tents of tiie routing tables (routing tat)les 1001, 1002, 
and 1003) of router A, router B, and router C (router 1 1 . 

35 router 12, and router 13, respectively). FIG. 21 shows 
the contents of the address conversion tables (address 
conversion tables 101 1-1016) of router A, router B, and 
router C (router 11. router 12. and router 13. respec- 
tively). Because tiie address conversion table Is pro- 

40 vided for each subnet connected to each router, tiie 
router has two address conversion tables. FIG. 22 
shows the contents of the device information tables 
(device Information tables 1021-1026) of router A. 
router B, and router C (router 11, router 12, and router 

45 13, respectively). Because tiie device information table 
is provided for each subnet connected to each router, 
the router also has two device information tables. Now, 
assume ttiat tiie device 3 has the API conversion table 
100 shown in FIG. 6, the routing table 120 shown in FIG. 

so 8, and the address conversion table 130 shown in FIG. 
9. Also assume that tiie device 6 has the local device 
information table 1 10 whose contents are shown in FIG. 
7 and that part of the contents is already in the device 
information tables 1 024 and 1 025 of the routers B and C 

55 Shown in FIG. 22. 

[0048] First, in tiie device 3. "air conditioner 2" that 
Is the identifier of the destination device 6 and inquiry 
data created according to tiie format of the data storage 
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area 330 shown in FIG. 1 1 are passed from the applica- 
tion to the API conversion unit 63. The API conversion 
unit 63 uses the received "air conditioner 2" that is the 
Identifier of the destination device and the API conver- 
sion table 100 to get the high-level address 0h3002 of 
the destination device and issues a transmission 
request to the transmission unit 61. The transmission 
unit 61 gets destination subnet "3" from the high-level 
address 0h3002 of the destination device, gets the high- 
level address 0h20AA of the router, via which the 
request is to be sent, from the routing table 120 shown 
In FIG. 8, gets the low-level address of the router using 
the address conversion table 130 shown in FIG. 9, cre- 
ates a message according to the high-level protocol 
header format shown in FIG. 1 1 , and issues the trans- 
mission request to the low-level protocol processing unit 
53. Then, the message in the format shown in FIG. 1 1 is 
sent to the router 12 over the network 21 . 
[0049] When the router 12 receives this message, 
the reception unit 62 starts the router processing shown 
in FIG. 17. First, because the destination subnet of the 
message is 3, the reception unit 62 finds that the mes- 
sage is addressed to the subnet of its own and then 
checks if the router can respond to the message on 
behalf of the destination device. That is, the reception 
unit finds, from the contents of the message, that the 
inquiry is about the device type of the device 6. In addi- 
tion, the reception unit finds that the requested content 
is included in the device information table 1024 of its 
own. Because the router can respond to the message 
on behalf of the destination device, the reception unit 
reads the device type of "2" of the requested device 6 
(device C1 ), creates response data according to the for- 
mat of the data storage area 330 shown in FIG. 1 1 , and 
transmits the created response to the transmission unit 
61. At this time, the transmission destination is the 
device 3 which is the requesting source, and the source 
high-level address 0h2003 included in the request mes- 
sage is used as the destination high-level address. 
Next, the transmission unit 61 gets the destination sub- 
net value of "2" from the high-level address 0h2003 of 
the destination device, finds that the message is 
addressed to the subnet of Its own from the routing table 
1002 shown in FIG. 20 (the value of "0" indicates the 
subnet of its own). In addition, the transmission unit 61 
gets the low-level address of the transmission destina- 
tion device 3 (device B1) from the address conversion 
table 1013 shown in FIG. 21, creates a message 
according to the high-level protocol header format 
shown in FIG. 11, and then issues the transmission 
request to the low-level protocol processing unit 53 to 
transmit the response message to the devtee 3. After 
that, response processing for the response message is 
performed according to the steps shown in FIG. 15. and 
device type of the device 6 is returned to the source 
application as the response data. 
[0050] For example, the present invention 
described above allows other devices to get information 



on the device 6 regardless of the transmission reliability 
of the network to which the devk^e 6 is connected. In 
other words, even when the network reliability is low, or 
the device 6 is temporarily a hidden terminal, or the 

5 device 6 is not always ready for communication, infor- 
mation as to what kind of device is used in the system 
may be obtained more reliably. In addition, the present 
invention eliminates the need for the target device to 
perform response processing, thus decreasing the toad 

10 of this device. Moreover, reducing the need to re-trans- 
mit messages at the time of a failure prevents tiie load 
of the network and the router from increasing. Because, 
in a home system or building system for which the 
present invention is intended, the transmission reliability 

15 of the network is decreased by hidden terminals, fading, 
or noises and. in addition, the devices are not always 
ready for comnrunlcatlon. Therefore, the present inven- 
tion Is particularly useful in such a system. 
[0051] Next, what is performed when a new device 

20 is added to a distributed system composed of such 
devkses and routers described above will be described. 
In the example in the following description, device B1 is 
added to the configuration shown in FIG. 2. 
[0052] FIG. 23 is a PAD diagram showing the flow of 

25 processing that is executed when a device is added. 
The following describes the processing shown in FIG. 
23 wherein the device 3 (device B1) shown In FIG. 2 Is 
added. First, the device 3 is added to the network and is 
turned on (step 401). Then, the low-level address of the 

30 device 3 is set up in the method defined by the low-level 
communication protocol (step 402). Then, the device 3 
gets the NodelD of the high-level address (step 403). To 
do so, the low-level address is converted, for example, 
by some function. Then, the device 3 uses the broad- 

35 cast function of the low-level communication protocol to 
inquire of other devices about NetID of the subnet of it 
own (step 404). To do so, the device 3 uses, for exam- 
ple, the broadcast function of the low-level communica- 
tion protocol to inquire about the high-level addresses of 

40 the neighboring routers (routers 11 and 12 in FIG. 2) 
(step 405) and inquires of one of the routers (for exam- 
ple, router 1 1) about NetlD (step 406). Or, the device 3 
sets the broadcast address in the destination low-level 
address DA according to the message format shown In 

45 FIG. 11, sets the group address of the neightx)ring 
router in the destination high-level address, and sends a 
message inquiring about NetID of its own subnet. At this 
time, in FIG. 2, the routers 1 1 and 12 perform reception 
processing and each return N6tlD=2. The address of 

50 the neighboring router is also obtained from the mes- 
sage. Then, the device 3 sets the high-level address 
and the low-level of the device obtained in steps 403 
and 404 in the local device information table 110 (step 
407). Then, the device 3 Inquires of the applications 51 

55 and 52 about the types and status and sets this informa- 
tion, as well as its own device, in the local device infor- 
mation table 110 (step 408). Then, for all the 
neighboring routers (step 409), the device 3 sends a 
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message shown in FIG. 1 1 to add the low-level address, 
high-level address, device type» and device applicatbn 
type of the device 3 to the device inlbrnfiation tak)le 140 
and the address conversion table 130 of the neighbor- 
ing routers with the use of the high-level address of the 
neighboring routers obtained in step 404 (step 410). 
Then, the device 3 reads the routing tables 120 of the 
neighboring routers (step 411). When the device 3 has 
read routing tables 120 of all the neighboring routers, it 
creates the routing table 120 for itself (step 412). TTiat 
is, the device 3 creates the routing table at this time by 
getting the NetlDs of all the subnets in the system and 
finding to which neighboring router a message is to be 
sent in order to send it to each subnet. More specif icaily, 
the routing tables 1 20 of the router 1 1 and the router 12, 
each of which is the neighboring router of the device 3, 
are the routing tables 1001 and 1002 shown in FIG. 20. 
From these routing tables, the high-level address of the 
neighboring router is obtained for each NetID ("2" - "5") 
according to the rules given below in order to create the 
routing table 120 such as the one shown in FIG. 8. 

Rule 1 : If the router address is not set for all the 

neighboring routers, "0" is set. 

Rule 2: If the router address is not set for all the 

neighboring routers except one neighboring router, 

the high-level address of that neighboring router is 

set. 

Rule 3: If the router addresses are set for all the 
neighboring routers, one of them is selected and 
set. 

[0053] That is, in the example shown in FIG. 20, the 
high-level addresses are set as follows. For NetlD=:2, 
"^O" is set as shown in FIG. 8 according to rule 1; for 
NetlD=3. the high-level address of router B, that is. 
0h20AA, is set as shown In FIG. 8 according to rule 2; 
tor NetlD=4, the high-level address of router B. that is, 
0h20AA, is set as shown in FIG. 8 according to rule 3; 
for NetlD=5, the high-level address of router A, that is, 
0h20BB, is set as shown in FIG! 8 according to rule 2. 
Then, the device 3 completes network connection 
processing and crlsates an operation start notification 
message according to the message format shown in 
FIG. 12, and broadcasts it to other devices (step 413). 
[0054] The processing described above automati- 
cally sets up the routing information when a device is 
added to the network, thus providing the user with the 
plug-and-play feature that eliminates the need to set up 
routing information. 

[0055] Upon receiving this message, other devices 
can detect the addition of a new device immediately 
after it is added to the network and, from the contents of 
the operation start notification message, know the type 
of the connected device and the type of applications. 
This eliminates the need for other devices to directly 
inquire of the added device about the device type or 
application type, reducing the network load that is 



increased by the inquiries about the new device. In addi- 
tion, upon receiving an operation start notification mes- 
sage, each device performs the processing shown in 
FIG. 13 to change the API conversion table 100. For 
5 example, even when a device is moved and its address 
changes, applications do not have to worry about the 
change but can continue to use the old device identifier 
as before. 

[0056] Next, what is performed when a new network 

10 is added to a distributed system, that is. what is per- 
formed when a new router is added, will be described. 
In the example in the following desaiption. router C Is 
added to the configuration shown in FIG. 2. 
[0057] FIG. 24 is a PAD diagram showing the flow of 

15 processing that is executed when a router is added. The 
following describes the processing shown in FIG. 24 
wherein the router 13 (router C) shown in FIG. 2 Is 
added. In the description, it is assumed that the devices 
8 and 9 connected to the network 23 are not turned on 

20 and therefore not ready for communication. First, the 
router 13 is connected to the network 22 and is turned 
on (step 501). Then, the low-level address of the router 
13 on the side of the network 22 is set according to the 
method defined by the low-level communication proto- 
ns col (step 502). Then, the router 13 gets the NodelD of 
the high-level address on the side of the network 22 
(step 503). Then, through the broadcast communication 
function of the low-level communication protocol, the 
router 13 issues to other devices an inquiry about the 

30 NetID of its own subnet connected to the network 22 
and gets it ("3" in this example) (step 504). The process- 
ing of subsequent steps 505-506 are the same as that 
of steps 405-406 described in FIG. 23. Then, the router 
13 gets the list of high-level addresses and low-level 

35 addresses of the devices connected to the connected 
subnet ("3" in this example) (step 507). To do so, when 
some other neighboring router is connected to the sub- 
net NetlD=3, the contents of the address conversion 
table of the neighboring router are obtained; when no 

40 Other neighboring router is connected, an inquiry is 
issued through the broadcast function of the low-level 
communication protocol to inquire of each device about 
the high-level address and the low-level address in 
order to obtain them. Then, the router 13 starts getting 

45 the NetID of the subnet on the side of new network 23 
(step 508). First, the router 1 3 inquires one of the neigh- 
boring routers about the NetID list in use to get it (step 
509). decides a free value as the NetID of the subnet on 
the skie of the network 23 ("4" In this example) and, 

50 using this value, sets up the high-level address of the 
new subnet (step 510). Then, the router 13 requests all 
the neighboring routers (step 51 1 ) to add its own (router 
13) high-level address, low-level address, and device 
type to their device Information tables and the address 

55 conversion tables (step 512) and. in addition, reads the 
routing tables 120 of the neighboring routers (step 513). 
When the router 13 has finished reading the routing 
tables 120 of all the neightx)ring routers, it creates the 
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routing table 120 for itself (step 514). The processing of 
step 514 is omitted here because the processing is the 
same as that of step 413 in FIG. 23. Then, the router 13 
requests all the neighboring routers (step 51 5] to set the 
routing information on the new subnet NetlD=4 (step 
516). In step 516, the neighboring router performs the 
similar setup processing for the downstream neighbor- 
ing routers (on the side of the subnet other than the side 
on which information from the new router 13 is 
received). As a result, information about the connection 
of the new router is sent to, and its routing information is 
set in, all the routers. Then, router 13 creates an opera- 
tion start notification message according to the mes- 
sage format shown in FIG. 1 2 and broadcasts It to other 
devices (step 51 7). 

[0058] The processing described above automati- 
cally sets up the routing information when a router is 
added to the network, thus providing the user with the 
plug-and-play feature that eliminates the need to set up 
routing information. That is, a router performs routing 
and other operations, as desaibed above, assuming 
that the tables shown in FIGS. 8-10 and FIG. 20-22 
have already been set up. Automatic setup that is exe- 
cuted when a device or a router is connected to the net- 
work automatically creates the contents of the tables, 
thus eliminating ttie need for the user to set up the 
tables. 

[0059] The method described above does not con- 
sider the deletion of information from the device infor- 
mation table maintained by each router. However, when 
a device is moved from one subnet to another, it is nec- 
essary to change the device information table main- 
tained by each router. The following describes this 
processing. FIG. 25 is a diagram showing the configura- 
tion of the device information table maintained in a 
router when this function is executed. Referring to FIG. 
25. a device information table 600 comprises a high- 
level address 601 , a device type 602, a device applica- 
tion type 603, a vendor ID 604, a product ID 605. a 
serial number 606, and an existence flag 607. The high- 
level address 601 , device type 602, and device applica- 
tion type 603 are the same as those of the device infor- 
mation table 140 shown in FIG. 10. and the vendor ID 
604, product ID 605, serial number 606, and existence 
flag 607 are the same as those of the API conversion 
table 100 shown in FIG. 6. Upon receiving an operation 
start notification message from a device newly con- 
nected to the networK a router, which has the table 
described above, reads the vendor ID, product ID, and 
serial number from the newly added device and adds 
them to its own device information table when the 
device is connected to the subnet to which the router is 
connected and, at the same time, sends a message 
containing this information to the downstream neighbor- 
ing routers. Upon receiving this message, each neigh- 
boring router checks if the device indicated by the 
vendor ID, product ID, and serial number contained in 
the message matches one of the devices stored in its 



own device information table. If there is a matching 
device, the router deletes it from the table; if there is not 
a matching device, the router sends this message to the 
downstream neighboring router. The processing 

5 described at>ove automatically changes the device 
information table even when a device is moved from one 
subnet to another. In this way, when a device is moved, 
this method immediately deletes routing information on 
the deleted device from the table in the router, making 

10 the routing table smaller and more accurate. 

[0060] The following describes some of the effects 
achieved by the above embodiment. 

(1) Even when the network reliability is low, or there 
75 is a hidden terminal, or a device is not always ready 
for communication, the method according to 
present invention gives information as to what kind 
of device is used in the system more reliably without 
increasing the device or network load. 
20 (2) Automatic setup of routing information that is 
executed when a device is connected to the net- 
work eliminates the need for the user to set up the 
routing information. 

(3) Automatic setup of network and routing informa- 
25 tion that is executed when a network is added elim- 
inates the need for the user to set up the network 
and routing Information. 

(4) The metiiod detects that a device is moved and 
thus the address is changed witii no significant 

30 increase in the load, allowing applications access- 
ing the device to access it with the same identifier 
that was used before the movement. 

(5) When a device is moved, this method immedi- 
ately deletes routing information on the deleted 

35 device from the table in the router, making the rout- 
ing table smaller and more accurate. 

Claims 

40 1 . A communication apparatus connected to a plural- 
ity of communication networks, each of which has 
at least one device, and relaying communication 
information between said plurality of communica- 
tion networks, comprising: 

45 

a bus (1003); 

a receiver (1004) connected to said plurality of 
communication networks for receiving device 
information from a device connected to one of 

50 said plurality of communication networks, said 

device information identifying the device: 
a storage unit (1000) connected to said 
receiver (1004) through said bus (1003) for 
storing tiie device information received by said 

55 receiver (1004); 

a processor (1001) connected to said storage 
unit (1000) through said bus (1003) for creating 
a response in response to a request using the 
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device information stored in said storage unit 
(1000). when said receiver (1004) receives 
said request transmitted from a device con- 
nected to a first communication network of said 
plurality of communication networks to a device 
connected to a second communication network 
of said plurality of communication networks, 
said request inquiring about a function of the 
device connected to said second network; and 
a transmitter (1004) connected to said proces- 
sor (1001) through said bus (1003) and con- 
nected to said plurality of communication 
networks for transmitting the response to said 
first communication network. 

2. The apparatus of daim 1 , wherein 

said communication apparatus is a router, and 
said transmitter (1004) transmits information 
related to the request to the device via the sec- 
ond communication network. 

3. The apparatus of claim 1, wherein said request is 
control information for controlling a device con- 
nected to one of the communication networks. 

4. The apparatus of daim 3, wherein 

said receiver (1004) receives a result of the 
control executed in the controlled device, and 
said transmitter (1004) transmits the result of 
the control to the first communication network. 

5. The apparatus of daim 1 , wherein said storage unit 
(1000) stores the device information on other 
devices connected to said plurality of communica- 
tion networks. 

6. The apparatus of claim 1. wherein said receiver 
(1004) receives the request transmitted from the 
device connected to the first communication net- 
worK and preferably also from some other commu- 
nication apparatus connected to tiie first 
communication network. 

7. The apparatus of claim 1,' wherein said receiver 
(1004) receives the device information of a device 
connected to one of said plurality of communication 
networks, when a connect condition of the device is 
changed. 

8. The apparatus of daim 1 . wherein, when the com- 
munication apparatus connected to a third commu- 
nication network is connected to the second 
communication network. 

said receiver (1004) receives a connect notifi- 
cation from the communication apparatus con- 
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nected to the third communication network, 
said transmitter (1004) transmits tiie device 
information stored in said communication 
apparatus to the communication apparatus 
connected to the third communication network, 
based on said connect notification, and 
said receiver (1004) receives the device infor- 
mation stored in the communication apparatus 
connected to the third communication network. 

9. A remote control method for controlling devices in a 
distributed system induding a plurality of communi- 
cation networks interconnected though routers, 
said remote conf ol method comprising the steps 
of: 

providing, by each of said routers, device infor- 
mation to identify the devices connected to tiie 
router through one of tiie communication net- 
works: 

transmitting a control request inquiring about a 
function of a device connected to a second 
communication network of said plurality of 
communication networks, from a control appa- 
ratus connected to a first communication net- 
work of said plurality of communication 
networks; 

receiving the control request by the router; 
transmitting, by said router, control information 
related to the control request to the device con- 
nected to said second network; 
controlling the device connected to the second 
communication network in accordance with the 
control information; 

creating, by the router, a response which is a 
result of said control using the device informa- 
tion; 

transmitting, by the router, the response to the 
control apparatus via tiie first communication 
network; and 

receiving the response by the control appara- 
tus, through the first comnunication network. 

10. The method of claim 9, wherein, when a connect 
condition of devices to said plurality of networks is 
changed, said router receives tiie device informa- 
tion on the changed devices. 

11. The invention of claim 7 or 10, wherein the change 
in the connect condition includes adding a new 
device to one of the communication networks, 
and/or moving the device from one network to 
another, and/or removing the device from one of the 
communication networks. 

1 2. The method of claim 9, further comprising the steps 
of: 
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recognising that the router is connected to a 
new network; and 

transmitting, by the newly connected router, the 
device information stored in said newly-con- 
nected router to other routers connected to s 
said newly connected network in response to 
said step of recognition. 

13. The invention of claim 1 or 9, wherein said device 
information includes function information identifying io 
the function of the devicei and/or address informa- 
tion showing an address of the device in the com- 
munication networks. 

14. The invention of claim 13, wherein said function is 
information includes information showing a type of 
the device and/or infomnation showing a type of an 
applteation program of the device. 

15. The method of claim 14, wherein said step of pro- 20 
viding device information provides not only the 
device information on tiie devices connected to the 
first network but also tiie device information on 
otiier devices connected to said plurality of net- 
works. 25 
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FIG. 22 

DEVICE INFORMATION TABLE (ROUTER A) 



1021 



1022' 



1023- 



1024- 



1025- 



1026-- 



HIGH-LEVEL ADDRESS 


DEVICE TYPE 


DEVICE APPUCATION TYPE 


DEVICE B1 


1 




DEVICE 82 


3 


3.6 


DEVICE 83 


5 


5 


ROUTER A (NetlD=2 SIDE) 


127 


127 


ROUTER B (NetlD=2 SIDE) 


127 


127 


. HIGH-LEVEL ADDRESS 


DEVICE TYPE 


DEVICE APPUCATION TYPE 


DEVICE A1 


2 


2 


DEVICE A2 


4 


4 


ROUTER A (NetlDsS SIDE) 


127 


127 


DEVICE INFORMATION TABL 


= (ROUTER B) 


' HIGH-LEVEL ADDRESS 


DEVICE TYPE 


DEVICE APPLICATION TYPE 


DEVICE B1 


1 


1 


DEVICE B2 


3 


3.6 


DEVICE 83 


5 


5 


ROUTER A (NetlD«2 SIDE) 


127 


127 


ROUTER B (NetlD*2 SIDE) 


127 


127 


- HIGH-LEVEL ADDRESS 


DEVICE TYPE 


DEVICE APPUCATION TYPE 


DEVICE CI 


2 


2 


DEVICE C2 


4 


4,10.16 


ROUTER B (NetlD=3 SIDE) 


127 


127 


ROUTER C (NetlD=3 SIDE) 


127 


127 


DEVICE INFORMATION TABL 


E (ROUTER C) 


- HIGH-LEVEL ADDRESS 


DEVICE TYPE 


DEVICE APPLICATION TYPE 


DEVICE C1 


2 


2 


DEVICE C2 


4 


4.10,16 


ROUTER B (NetlD=3 SIDE) 


127 


127 


ROUTER C (NetlD=3 SIDE) 


127 


127 


- HIGH-LEVEL ADDRESS 


DEVICE TYPE 


DEVICE APPUCATION TYPE 


DEVICE D1 


54 


54 


DEVICE D2 


32 


32 


ROUTER C (NetlD=4 SIDE) 


127 


127 
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PROCESSING WHEN A DEVICE IS ADDED 

-^401 



A DEVICE IS ADDED AND 
IS TURNED ON 



SET UP THE LOW-LEVEL 
ADDRESS 



GET THE NodelD OF 

THE HIGH-LEVEL ADDRESS 



'402 



'403 



GETTHENetlDOF 

THE HIGH-LEVEL ADDRESS 



404 



GET THE HIGH-LEVEL 
ADDRESSES OF THE 
NEIGHBORING ROUTERS 



INQUIRE OF ONE OF 

THE ROUTERS ABOUT NetID 



SET THE HIGH-LEVEL 
ADDRESS 



SETS THE DEVICE TYPE 
AND THE DEVICE 
APPLICATION TYPE 



.407 



'408 



FOR ALL NEIGHBORING 
ROUTERS 



409 



ADD THE ADDRESS. 
DEVICE TYPE. AND DEVICE 
APPLICATION TYPE TO 
THE DEVICE INFORIVIATION 
TABLES AND ADDRESS 
CONVERSION TABLES OF 
THE NEIGHBORING ROUTERS 



READ THE ROUTING TABLES 



CREATE THE ROUTING 
TABLE FOR THE DEVICE 
ITSELF 



'412 



BROADCAST AN 
OPERATION START 
NOTIFICATION MESSAGE 



-413 
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PRCXJESSING WHEN A ROUTER 



THE ROUTER IS CONNECTED 
AND IS TURNED ON 



SET THE LOW-LEVEL ADDRESS 



GET THE NODEIDOF 

THE HIGH-LEVEL ADDRESS 



IS ADDED 

-^501 
^502 
^503 



FIG. 24 



GET THE NETID OF THE 
HIGH-LEVEL ADDRESS ON 
THE EXISTING SUBNET SIDE 



504 



GET THE HIGH-LEVEL ADDRESSES 
OF THE NEIGHBORING ROUTERS 



INQUIRE OF ONE OF 

THE ROUTERS ABOUT NetID 



'505 
'506 



GET THE LIST OF 
EXISTING SUBNET NODES 



'507 



GET THE ECHONET 
ADDRESS NETID ON 
THE NEW SUBNET SIDE 



508 



INQUIRE ONE OF 

THE NEIGHBORING ROUTERS 

ABOUT THE NETID LIST IN USE 



SET A FREE NETID AS 
ITS OWN NETID 



FOR ALL NEIGHBORING 
ROUTERS 



511 



REQUEST ALL THE NEIGHBORING 
ROUTERS TO ADD ITS OWN ADDRESS, 
DEVICE TYPE, AND DEVICE 
APPLICATION TYPE TO THE DEVICE 
INFORMATION TABLE AND 
THE ADDRESS CONVERSION TABLE 
OF NEIGHBORING ROUTERS 



READ THE ROUTING TABLES 



•509 



'510 



'512 



'513 



CREATES A ROUTING TABLE 



'514 



FOR ALL NEIGHBORING 
ROUTERS 



T 



515 



REQUEST THE NEIGHBORING 
ROUTER TO SET ROUTING 
INFORMATION OF THE NEW 
SUBNET NETID IN ALL THE 
DOWNSTREAM ROUTERS 



'516 



BROADCAST AN OPERATION 
START NOTIFICATION MESSAGE 



'517 
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